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INTRODUCTION

Information regarding the comparative anatomy of the extra
hepatic biliary tract is far from complete; recorded data on the
comparative anatomy show wide variations.
dissections of the

s~e

Often the reports on

species by different dissectors are con-

tradictory and confusing.

Frequently the recorded information

has been taken solely from the descriptions of previous investigators.
The functional significance of the gall-bladder has been
a much discussed question for many years.

Surely a considera-

tion of the anatomy of the biliary tract is necessary in order
to arrive at a more complete comprehension of this organ and its
ducts in their relation to physiological processes.
That there is a close connection between clinical medicine
and conditions observed in anatomical studies on the extrahepati
biliary tract has been shown by other workers, especially clinicians.
surgeon.

Anomalous biliary ducts in man are of importance to the
Eisendrath (10) particularly directed attention toward

reports of injuries to the bile ducts.

It was his opinion that

the "lack of knowledge on the part of the majority of surgeons
that variations in the mode of union, course and length of the
cystic, hepatic and common ducts are far more common than our
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textbooks in anatomy have led us to believe" was an important
factor in the cause of frequent injuries of the ducts.
(12) particularly

str~ssed

Flint

the importance of the accessory ducts.

Mentzer (35) interested himself in a comparison of anomalous
structures in the biliary tract of man, and the normal structure
of the extrahepatic biliary tract in vertebrates.
a striking relationship between the two.

He observed

Thus,a study of the

comparative anatomy is of interest, not alone for the study of
anatomy itself in relationship to physiological processes, but
because of its practical value in the field of abdominal surgery.
The purpose of this study on the comparative anatomy of
the extrahepatic biliary tract is to make and record observations
on a large series of animals to which not only we, but other investigators, may add further material from time to time.

It was

first intended to make a study of the intraduodenal portion of
the common bile duct only, and material was sought with such a
plan in mind.

In various discussions and through a perusal of

the literature on this subject, it became evident that data on
the gross structure of the extrahepatic biliary tract would be
of value.

The logical time to make such observations would be

at the time when the material was obtained, and before the intraduodenal portion was embedded in paraffin preparatory to sectioning and staining for later microscopic study.
The careful guidance, the valuable and apt suggestions,
and the enthusiastic interest of Dr. Thesle T. Job is sincerely

and gratefully acknowledged.
History, I am deeply grateful.
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To all those who gracious-
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The technical assistance of Mr. Oliver
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AN HISTORICAL INTRODUCTION

Interest in the extrahepatic biliary tract has been
evidenced since the earliest days concerning which we have any
information.

This interest apparently began in the interpreta-

tion of animal sacrifices.

In the earliest times the liver was

looked upon as the particularly vital organ in the animal.

Even

before the heart came to be regarded as the location of mental
and emotional activity there was, according to Jastrow (25),
"an earlier period in which that distinction was accorded to the
liver".
Pliny the Elder (23-79 A.D.) mentions

the fact (43) that

the heart was not used for the purpose of divination until the
126th Olympiad (274 B.C.).

The "sacred parts" frequently men-

tioned always included the liver, the markings on the liver,
and the gall-bladder which was considered an essential part of
the liver.

In

the "Histoire de le Divination", quoted by

Jastrow, Bouche-Leclercq calls the liver "the organ of revelation par excellence".
The Babylonians (26) used the sheep's liver circa 3000 B.C.
for the purpose of divination.

The various lobes, the gall-

bladder,the porta hepatis, the portal vein and the markings
made by the bile ducts were parts especially used by the

.'
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diviners, and the anomalous conditions which they encountered
lent great variety to their interpretations.

In the British

Museum in London (26) there is a clay model of the sheep's liver
used for instruction in divination in Babylon about the
Hammurabi (2.000 B.C.).

t~e

of

This model is covered with cuneiform

writing, and was in reality a diagram to explain an omen text.
The peculiarities of significance are shown in the model, and
the interpretation of each explained in the cuneiform characters.
In this especially interesting model the gall-bladder, porta
hepatis, lobes of the liver, cystic duct and part of the hepatic
duct are clearly indicated.

The gall-bladder was called "the

bitter part", the hepatic duct was called "the outlet" and the
common bile duct was known as "the yoke".

The porta hepatis

was designated as "the crucible".
The interpretations of the variations present were worked
out elaborately.

A swelling on the right side of the gall-

bladderwas surely a favorable sign if a battle were to be undertaken because it indicated an increase in strength of the king's
army.

A swelling on the left side

w~s

an unfavorable omen.

If

the left side of the gall-bladder were held snugly in the fossa,
the enemy would be overcome and the men taken as prisoners; it
the right side showed an adherent and tightly enclosed viscus,
the enemy would be victorious and would hold firmly the king's
armr.

If the common hepatic duct were located securely within

6.

the porta

hepatis~

it meant success; one not within such pro-

tective confines meant an open front to the enemy.

A long-

common bile duct was a most desirable portent because it toretold a long lite.
In these

ways~ brietly~

in Babylonia and Assyria.

the liver and its ducts were used

Jastrow(25) has said that practically

the same system was used by the

Greeks~

Romans and Etruscans.

In the poetry of the Hebrews we find echoes of the same idea
ot the importance ot the liver.

Such an opinion, however, is

not the same as that which years later came to be associated
with liver and bile in connection with the humoral theory.
For even the Talmudic law had its associations with the
gall-bladder.

Boyden(2) quoted passages trom Joseph Oarots

sixteenth century"Shulhan l

Aruch·~

codification of the Talmudic law.
~oreh

the final and authoritative
In the part known as the

De'ah", nine rules dealt with problems concerned with the

gall-bladder.

one of the very interesting comments on these

laws quoted by Boyden is that of Isserles of the sixteenth century, who

said~

of which is not

"If a fowl is brought before us, the species
kno~,and

it has no

gall-bladder~

we do not say

surely that the entire species has no gall-bladder; but the
assumption is that the species has none until it is proved
otherwise".

.'
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Observations on the gall-bladder have not been without
their historical associations.

Illingworth (24) relates a

story which has been told concerning Alexander the Great.

When

the conqueror reached Babylon he learned that the sheep which
had been sacrificed had no gall-bladder.
this a serious omen.

Alexander considered

He had alreadJ had a difficult return

from. his disastrous campaign in India, during which dysentery

had taken a heaV'1 toll among the soldlel"1.
the mighty Alexander himself was dead.

Within a few days

Pliny (44) records that

Emperor Augustus found a double gall-bladder in a victim which
he was sacrificing on the day of his overpowering victory at
Actium.
In the realm of classicall1terature one finds reference
concerning the biliary tract.

In

the "Electra" of Euripides

(480-406 B.C.), Aegisthus, with Pylades tor a helper in his task,
inspected the viscera of a sacrificed calf.

The attention paid

to the meaning of the sacrifice is realized as one reads
(lines 826-829):
"Aegisthus grasped the inwards
.And gazed thereon. No lobe the liver had;
The gate-vein, the gall-bladder nigh thereto,
Portended perilous scathe to him that looked."
It will be recalled that in the "Prometheus Bound" of
Aeschylus (389-314 B.C.), the punishment meted to Prometheus
was that his liver was to be gnawed upon by a vulture.

No more

heinous punishment could have been devised in those days.

In

8.

the "Prometheus Bound" these lines (493-496) are also of interest:
~Smoothness

of inwards of beasts sacrificed,
Their hue, which are well-pleasing to the gods,
The gall, the liver's dappled shapeliness I set forth the significance of all."

It is not only in the literature of ancient Greece that
we find such references.

We recall a line fram Geoffrey Chaucer

(1340-1400) that "Hir hertes were al oon without galles".
absence of the gall-bladder in the pigeon was

n~unknown

The
to

William Shakespeare (1564-1616) for in "Hamlet" (Act II, Scene 2,
lines 612-613) the Prince of Denmark himself says:
"But I am pigeon livered and lack gall
-To make oppression bitter."
The liver as the seat of emotional activity is mentioned
in Shakespeare.

In "As You Like It", Rosalind tells Orlando

(Act III, Scene 3, lines 439-451), "This way will I take upon
me to wash your liver as clean as a sound sheep's heart that
there shall not be one spot of love in't."

In "Much Ado About

Nothing" the expression "if ever love had interest in his liver"
(Act IV, Scene 1, line 233) also indicates the value placed
upon the liver as the center of emotions.
Thus, it is seen that interest in the extrahepatic biliary
tract has been present since dimly distant days.

The growing

realization of the importance of diseases of the biliary syste.a
has been a paramount feature of medical progress in recent years.

The methods of study and their far-reaching results are new,
but the interest which has been growing in this field is, as
this brief historical survey has attempted to show, only a renewal of one of man's earliest experiences in anatomical observation.

.'
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SURVEY OF THE LITERATURE

Mann, Brimhall and Foster(30),in a study of the extrahepatic biliary tracts of twenty common domestic and laboratory
animals, spoke of the inadequacy of knowledge of this field of
comparative anatQm1 and in an introduction to their paper said:
&while we are fully aware that

des~riptions

of the biliary

tracts of most of these animals have been previously made, such
descriptions are widely scattered, and.o not contain the particular data we desire.

We hope that our investigation will torm

a nucleus tor the comparative
may be added, trom time to

anato~

t~e,

of this region, to which

similar facts concerning other

species."
Four years later Mann(32) bad further to say on this same
subject:
"Data on the comparative anatomy of the biliary tract are
not complete, and not only has the anatomy ot the biliary tract
in many species not been recorded, but there are many contradictory statements concerning some of the species which have
been dissected and reported.

One anatomist records the presence

of the gall-bladder in a certain species, while another asserts
that the speCies is without a gall-bladder."
In the zoological literature ot early days are several
interesting references.

Aristotle (384-322 B.C.) in his

.'
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"History ot Animals"(l) called attention to the fact that same
animals possess a gall-bladder and same do not, and that "among
viviparous quadrupeds the stag (cervua elaphus) has none, nor
the deer, horse, mule, ass, seal, and same swine".

He also

wrote about the Acharnian stag which "appears to have the gall
in the tail" and remarked that "that which they call gall in
these animals resembles it in color, but 1t is not liquid like
gall, but more like the spleen 1n its internal structure".
Pliny the Elder (23-?9 A.D.) in his "Natural History"
(44) recorded data concerning the presence and absence ot the
gall-bladder, and in mentioning the gall-bladder remarked that:
"In the liver is the gall, which, however, does not exist

in every animal.

At Chalcis, in Euboea, none ot the cattle

have it, While in the cattle of the Isle ot Naxos, it is of
extraordinary size, and double,

80

that to a stranger either

of these would appear as good as a prodigy.

The horse, the

mule, the ass, the stag, the roe-buck, the wild boar, the
camel, and

th~

mice have it.

dolphin have no gall, but some kinds of rats and
Some few men are without it, and such persons en-

joy robust health and a long life."
Galen (131-200) was aware that there were animals in
which there was no gall-bladder (14).
Pallas(42) wrote careful and detailed descriptions of
his dissections, and directed much of his attention to the
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frequently neglected viscera.

He gave in his "Spicilegia Zoo-

logica"(41) a particularly detailed report of dissections on
the hyrax, an animal concerning which there have been diverse
reports.
Cuvier in 1805 (8) mentioned many animals and listed them
as to whether or not they possessed a gall-bladder.

He especi-

ally noted that it was missing in several rodents, and particula ly that it was absent in some species of the rat family, e.g.,
the brown rat.

He recorded absences Ln the elephant, the

rhinoceros, the peccary, the porpOise, the dolphin, the manatee
of the north, the stag, the camel and the daman.
Wilson(54) wrote an extended article on the liver and
reviewed information concerning the gall-bladder.

He commented

that in Mammalia the gall-bladder was by no means constant.
He stated that it was generally absent in herbivorous animals
as the horse, stag, elephant, peccary and tapir, but was present
in herbivorous animals as the ox, sheep, goat and antelope.
He recorded the not uncommon occurrence of a double gall-bladder
or two gall-bladders in the cat, and made the statement that in
the kinkaju, an arboreal cat, such was "supposed to be the normal condition".

Boyden(2), interested in this statement ot

Wilson, dissected a kinkaju procured for

~

by

mam~ers

of the

staff of the University Museum in Cambridge, but the animal
possessed an undivided gallbladder.
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Mllne-Edwards(36) stated that the gall-bladder was found
in man and "in the Q,uadrumanes (now known. as Primates) who are
frugivorous animals'" and lists the Chiroptera, Insectivora,
Carnivora, and Edentata as orders in which the gall-bladder is
present.

Some of the Rodentia possessed the organ, but the

majority of this order had no gall-bladder.

Milne-Edwards

commented on the fact that "pigs which belong to the same
natural family as the pecnaries (in which the gall-bladder is
absent) are, on the contrary, provided with a

gall-bladder~.

Owen(38) described the gall-bladder in several orders
of Mammalia, and Flower (13), in a series of lectures given at
the Royal College of Surgeons, discussed the biliary tract in
his series of lectures on the comparative anatomy of the digestive organs.

Macalister(29) reviewed the findings in a large

number of orders and species and quoted from previous workers.
Interestingly enough, he stated that the gall-bladder was absent
"in the rat, common mouse, and other species of the genus Mus".
He further remarked that the gall-bladder seemed "to hold the
position of an accessory or nan-essential appendage to the
hepatic system, and through the different ranges of vertebrate
forms, it seams, at first sight, to be capricious in its development or absence·.
-

Rachtord(45) made studies on the comparative anatomy ot
the bile and pancreatic ducts in mammals fram the phYSiological

14.

standpoint of the digestion of fats, and recorded anatomical
data which he found.

His examinations were made on animals in

the Cincinnati Zoological Gardens.
Huntington(22) in a comprehensive account of the anatomr
of the abdominal cavity in which much emphasis was laid aupon
the consideration of comparative anatomy, believed that the
presence or absence of a gall-bladder depended mainly upon the
character of the food and whether digestion was carriad on
nearly continuously (as in many of the

Rodentia, Artiodactyla

and Perissodactyla) or at fairly regular intervals (as in the
Primates and Carnivora).

He observed and commented upon the

varieties in the arrangement of the biliary ducts.
Mann, Brimhall and Foster (30) studied twenty species of
common domestic and laboratory animals.

They were especially

interested in the dimensions of the common bile duct in animals
with and without a gall-bladder.

From their results they could

determine no relationships between the dimensions of the common
bile duct and the presence or absence of a gall-bladder.

They

also recorded data (31) on the relationship of the common bile
duct to the pancreatic duct in fifteen animals, and attempted to
group the species studied into three main divisions.

They were

not able to for.mulate any reason for the relationships of the
two ducts to each other in the different groups.
Mentzer(34) studied the biliary apparatus in twenty-four

.'
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species representing five orders of African mammals secured by

Dr. Saxton Pope on a hunting expedition.

He reported the gall-

bladder present in all but one of the mammalian species.

The

site of the entrance of bile into the duodenum interested him.
He commented upon the proximity of the entrance to the pylorus
in Carnivora, and the farther distance from the pylorus in most
Artiodactyla.
Illingworth(24) wrote a short paper in which he discussed
the presence and absence of the gall-bladder.

From his summary

of available data he concluded that anatomical variations in the
gall-bladder "do not appear to be related in any definite way
either to the zoological classification or to the habits of
different species".
In

scattered descriptions of various species short

accounts of the extrahepatic biliary tract are often found.
Owen (39) discussed the tree-kangaroo; Sonntag (50) and Straus
(51), the chimpanzee; Schulte(49), the whale; Pa11as(41, 42),
George (15), Brandt (4), Dyi.en(38), Chapman (5) and Kaulla (27) recorded data on the hyrax;

Hunt(2~)

on the rat; Higgins(17, 18,

19) reported on certain of the Rodentia; Lineback (28) on the
macaque; Doyon(9) and Bradley(3) on the dog; Robin(4S) wrote a
monograPh on Chiroptera, and Hill(20) mentioned various species
in his work on the pancreas.
domestic animals.

Chauveau(S) discussed some of the

16.

Clinical literature contains references to the presence
and absence of the gall-bladder.

Mayo(33)~ Rolleston(47)~

opie(37)~ Hutchinson(23)~ Swee~(52)~ Illingworth(24)~ Weiss(53)~

Chiray and

Pavel(7)~

Granam(16) and

Mentzer(34~

35) have men-

tioned the variability of the presence of the gall-bladder in
animals.
Mentzer(35) was much interested in the presence of anomalous structures in the biliary tract of man.

He found from his

survey of the literature that they had not received the attention of investigators which their importance merits until recent years.
tures.

He emphasized the value of study of these struc-
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THE STATEMENT OF THE PROBLEM

The problem may be stated under seven distinct headings:
1. To record the presence or absence of the gall-bladder
in the animals studied.
2. To note the relationship of the gall-bladder to the
liver.
3. To observe the characteristics of the wall of the
gall-bladder.
4. To record the gross observations on the relationship
of the common bile duct or the common hepatic duct

~when

there

is no gall-bladder) with the pancreatic duct.
5. To record the presence or absence of a duodenal papilla.
6. To record the distance of the opening of the common
bile duct or the hepatic duct (when there is no gall-bladder)
from the pylorus of the stomach.
7. To relate the findings obtained in these studies to
the literature which deals with the extrahepatic biliary tract.

.'
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METHODS AND :MATERIALS

The animals obtained were studied in as much detail as
the amount of material or the condition of the specimen allowed.
The hand lens and the dissecting microscope, fine bristles and
in some cases the injection of ducts with gelatin colored

~th

carbol fuchsin proved most useful in these studies.
In

some instances the material consisted solely of the'

liver with the attached gallbladder; in a few instances only
the duodenum and the dissected ducts were available, since the
liver had been used for studies by other investigators.

In the

majority of instances the entire extrahepatic biliary tract has
been studied•. The intraduodenal portiOns of the ducts were embedded in paraffin preparatory to Etudies in progress on the
microscopical anatomy of this region.
'!'he number of animals examined and the number of each
order and species studied were tabulated (Table 1).

Altogether

111 animals were studied, representing twelve orders and fiftytwo species.

In several instances only one specimen was studied

These were specimens which are neither readily nor frequently
obtained for study.

Very often in the literature single rare

specimens have been reported.

Other investigators who have

dissected only single specimens find these reports of value.
These data will accumulate, and will in time prove most helpful

19.

.'

to the worker in this field of comparative anatomy.
Thus, it seemed worth while to include such information
in this paper.

Measurements recorded in instances where two or

more specimens were available for study were ayerage measurements.

Data for each dissection were tabulated as fully and

completely as the amount or condition of the material allowed.

20.
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RESULTS OF DISSECTIONS - BY ORDERS
Marsupialia
Macropus
Sar cophi Ius.
Petaurus
Dendrolagus matschei
DidelphIS marsupialis andinus
DidelphIS marsupialis mexicanus
In eight specimens representing six species of Marsupialia

a gall-oladder was present.
Macropus(wallaby) - T.he gall-bladder was piriform in
shape, relatively large in size, and the wall was firm and
thick.

The common bile duct was 11 cm. in length.

The pan-

ereatic duct and the common bile duct coursed together, but
remained separate structures until they reached a dilatation
located outside the duodenal wall a distance ot 6.5 cm. from
the pylorus.

The opening from the dilatation into the duodenum.

was located on a small papilla situated in a shallow depression
in the duodenal wall.
Sacrophilus (Tasmanian devil) - The gall-bladder was
elongated in shape, and protruded beyond the margin ot the
liver.

For two-thirds of its length it was attached loosely to

21.

the liver by a peritoneal fold.

The fundus had no attachment.

The bile and pancreatic ducts coursed side by side to their
opening on a low duodenal papilla located 2.4 cm. from the
pylorus.
Petaurus (flying phalanger) - The gall-bladder was loosely lodged in its fossa, and connected to the liver by connective
tissue.

The bile

and pancreatic ducts coursed together, and

emptied into a large dilatation just outside the duodenal wall
as in the wallaby.
Dendrolagus matschei (tree-kangaroo) - A gall-bladder was
present.

The ducts coursed together side by side, but remained

separate until just before their termination.

They opened into

a cammon ampulla in the duodenal papilla.
DidelphIS marsupialis andinus

~

A gall-bladder was present

Didelphys marsupialis mexicanus - In the opossum the
gall-bladder was short and round.

On

one surface it was attach-

ed tightly to the liver by connective tissue almost to its tip.
The cystic duct was 3.4

Mm.

in length.

The common bile duct

and the pancreatic duct coursed together for a distance of 2.3
cm.

In both specimens there was an elongated pouch located out-

side the duodenal wall, and into this structure the common bile
duct and the pancreatic duct opened.
munication by a short duct with the

From it there was a comduoden~

- _______ ~-.-----------------------_ _ _ _ _ _ I
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Inseetivora
Talpa europea
Scalopus aquatiQus
Blarina brevi cauda
In

four specimens representing three species of Insecti-

vora the gall-bladder was present.
Talpa europea

~

Scalopus aquaticus - The gall-bladders

were relatively small in size,oval in shape, and the walls were
very thin in both the European and American specles.

The organ

was almost completely surrounded by hepatlc substance.
Blarlna brevi cauda - The gall-bladder was closely adherent
to the liver, but not buried ln 1 ta substance.
duodenal papll1a.

Ohir opt era
Rhinopoma cystops
Klnlopterus s. maS!!ter
Llponycterls magnus
Desmodus rotundus
Epteslcus fuscus
Nycterlst gambiensis Senesall
Hlpposiderus arDdnger

There was a low

23.

RhinoloPBus deckeni Ugandi
Lavia fronus Africa
Acerdonjubatus mundamensis
Phillostoma verrucosum
A gall-bladder was present in each of the eleven species
examined.

It had very thin walls.

There was neither groove

nor fossa for this organ, but a short peritoneal fold connected
the gall-bladder to the liver.

In all specimens of the bats

examined the common bile duct opened near the pylorus.

The re-

lation to the pancreatic duct was not ascertained in these
specimens.
Three specimens of Desmodus rotundus (fram Bahia) were
studied in detail.

The gall-bladder was small and thin walled,

and suspended from the liver; the common bile duct averaged
4 mm.in length; the cystic duct, 2 Mm. in length; the pancreatic
duct entered the common bile duct 2

Mm.

fram its entrance into

the duodenum.
In Liponycteris magnus (from Baghdad) the gall-bladder
was suspended from the liver by a fold of peritoneum and had
thin walls.

The cammon bile duct was 11 Mm. in length; the

cystic duct, 3

Mm.

In Hipposiderus arDdnger the common bile duct entered the
duodenum 2.4 cm. fram the pylorus; in Eptesicus fuscus, 5

~;

.'
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in Desmodus rotundu8, 3 mm.; in Liponyoteris magnus, 12

Mm.

Primates
Pan
...........
Pongo pygmaeus
Maoaous rhesus
Mlstax ursulus
Caoajao rubicundus
~

(ohimpanzee) - The long, cylindrical gall-bladder had

a firm, thick wall.

In the adult specimen examined the fundus

was bent on itself.

There were no peritoneal bands holding it

in this position.
of the liver.

The gall-bladder projeoted beyond the margin

The oommon bile duot and the pancreatic duot

coursed together, and yet remained disorete.

They opened on a

prominent duodenal papilla located 16 om. from the pylorus.
FOngo pygmaeus (orang-utan) - A gall-bladder was present.
The oommon bile duct and pancreatic duct opened separately on a
prominent duodenal papilla which was located
the

9 an. caudad to

P1~orus.

Macacus rhesus (maoaque) - The gall-bladder was long and
narrow; the wall was thin.
the margin of the liver.

The organ did not protrude beyond
Approximately one-third of the visous

was olosely surrounded by hepatio substanoe.

~ ~anoreatio
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duct coursed with the common bile duct.

~

The two ducts opened

on a prominent duodenal papilla located 1.8 cm. trom the
pylorus.

A bristle passed through eaen of these ducts showed

that the ducts either opened separately on the duodenal papilla
(three instances), or joined together in the duodenal papilla
(nine instances).
Mystax ursulus (marmoset) - The gall-bladder was located
in a deep fossa in the liver.

The common bile duct and the

pancreatic duct coursed side by side to the duodenum.

A duoden-

al papilla was present.
Cacajoa rubicundus - A thin walled gall-bladder was
present.

Carnivora
Ailurus fulgens
Arctitis binturopg
Ursus americanus
Canis familiaris
Felis domestica
Lutra lutra
Mustela vison
In eleven specimens representing seven species of Carnivora a gall-bladder was present.

------------
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Ailurus fulgena (little panda) - The gall-bladder was oval
in shape, and loosely attached to the hepatic substance by connective tissue.

The wall was firm.

The pancreatic duct joined

with the bile duct before tbelatter entered the duodenum.
!retitls binturong (binturong) - The fossa in the liver
for the gall-bladder was deep.

The gall-bladder was elongated

but did not extend to the margin of the liver.
duct was 10.4 em. in length.

The common bile

The pancreatic duct entered the

common bile duct 3.6 cm. from the point of entrance of this duct
into the duodenum.
hand lens.

The duodenal opening was observed with a

There was no duodenal papilla.

Ursus americanus (black bear) - The gall-bladder was
piriform, had thick walls and was loosely connected by a peritoneal fold to the substance of the liver.

The prominent duo-

denal papilla was located 11 cm. caudad to the pylorus.
Canis familiaris (dog) - The gall-bladder was located in
a deep fossa.

It was piriform in shape; its wall was firm.

The pancreatic duct coursed with the common bile duct, and the
two ducts opened separately on a low duodenal papilla located
4.5 cm. from the pylorus.
Felis domestica (cat) - The gall-bladder was piriform
in shape; its fundus projected beyond the margin of the liver.
The cystic duct was spiral in shape.

The common bile duct

opened into the duodenum 2.8 cm. trom the pylorus.

The pancrea-

.'
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tic and common bile ducts coursed aide by side to the duodenum.
The duodenal papilla was low.
Lutra lutra (otter)- and Kustela vison (mink) - A firm
walled gall-bladder was present in each specimen.

Edentata
Dasypus novemcinta - In three specimens of armadillo the
gall-bladder was long aDd narrow, and located in a shallow,
fossa under the middle lobe of the liver.
averaged 4 cm. in length.

The cammon bile duct

The pancreatic and common bile ducts

entered the duodenum side by side, and opened separately on
a small papilla situated 4.5 cm. caudad to the pylorus.

Artiodactyla
Ovis aries
Capra hircus

Odocoileus
Bos taurus
Sus domesticus

-Ovis

aries (sheep) - The gall-bladder was located in a
"

very definite fossa, and projected slightly beyond the margin
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of the liver.

The wall was firm and thick.

The cystic duct

and common bile duct were 5 cm. and 4.5 cm. respectively.

The

pancreatic duct emptied into the common bile duct Which terminated on a duodenal papilla 34 cm. fram the pylorus.
Capra hircus (goat) - Only a portion of the duodenum was
available for study.

There was a prominent duodenal papilla.

Odocoileus (Virginia deer)- There was no gall-bladder.

The

hepatic auct opened into the duodenum 16 cm. fram the pylorus.
The pancreatic duct opened into the hepatic duct before the
latter entered the duodenum.
~

taurus (cow) - The gall-bladder was relatively large

in size, piriform in shape, and its wall was firm.
loosely attached to the liver by connective tissue.

It was
Ducts were

observed passing into the side of the gall-bladder fram the substance of the liver.

These cyst-hepatic ducts were injected

with gelatin, and dissected carefully in order definitely to
establish their existence.

In the discussion (page 43

of this

thesis) their significance in relation to variations encountered
in surgery has been elaborated upon.
The common bile duct opened into the duodenum independently of the pancreas on a duodenal papilla.
located 61 cm. caudad to the pylorus.
opened farther caudad.

This papilla was

The pancreatic duct
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Sua domesticus (pig) - The gall-bladder was oval in shape.
It was located in a £ossa o£ the liver and did not project to
the margin o£ the

li~er.

The common bile duct entered the duo-

denum 3.4 cm. beyond the pylorus, and the pancreatic duct opened
into the duodenum 12.5 cm. caudad to the opening of the common
bile duct.

The duodenal papilla was large.

Sirenia
Trichechus latirostris - In the manatee there was a pearshaped gall-bladder which projected beyond the margin of the
liver.

A short cystic duct united with the common hepatic duct

which opened on a prominent papilla located 7 cm. trom the pylorus.

The pancreatic duct did not open with the common bile

duct.

Hyracoidea
Procavia - The biliary tract of hyrax has been the subject
o£ consideration by several writers(4l, 42, 15, 4, 38, 5, 27).
On

pages 41 and 42 o£ this thesis some of the data regarding

hyrax are mentioned.

Because of the conflicting reports concern-

ing the biliary tract of this animal, and especially because of
the opportunity afforded us to dissect this mammal, we have recorded the data in detail.

.'
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In the hyrax (also known as the daman and popularly known

as the coney) there was no gall-bladder.

There were two hepatic

ducts which were 19 mm. and 7 mm. in length, respectively.
common hepatic duct was 31

Mm.

The

in length and opened by the side

of the pancreatic duct into the duodenum 22mm. from the pylorus.
The cammon hepatic duct had a diameter ot 4 mm.; the .left hepatio duct had a diameter of 2 mm., and the right a diameter of
6 mm.

The diameter of the ducts was large in proportion to the

size of the liver as compared with these data in other animals.
Into the large right hepatic duct opened five tributaries
which were carefully followed into the substance of the liver.
Of these five tributaries, three opened on the right side of
the duct and two on the left side of the duct.
of 2 mm.; two of 1.5 mm., and one of 1 mm.

Two had diameters

The smaller left

hepatic duct had only two small tributaries with diameters ot
2 mm. each.
The larger dilatation on the right side contained several
yellow concretions, and on opening the common hepatic duct four
small, irregularly shaped aggregations were tound.

In no

place

was the common hepatio duct completely ocoluded by these concretions.

There was no duodenal papilla, but the bile and pan-

creatio ducts opened into a shallow,circular depression.
margin of this depression was definitely elevated.

The

With bristlel

.'
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it was demonstrated that the bile and pancreatic ducts opened
separately.

The pancreas was small and had a second duct which

opened 42 mm. from the pylorus.

Perissodactyla
Eguu& burchelli
Equus caballus
Equus burchelli;( zebra.) - There was no gall-bladder.

There

was a distinct papilla in the duodenum which was closely adherent
to the under surface of the liver.

~e

main pancreatic duct

entered the duodenum in company with the bile duct.

A second

pancreatic duct opened near this opening.
Equus caballus (horse) - There was no gall-bladder.

The

pancreatic duct and the common bile duct entered the duodenum
side by side.

There was a duodenal papilla.

A seoond pancrea-

tic duct opened 3 cm. beyond the duodenal papilla.

Oetacea
Balaenoptera phlsalus - This specimen of finback whale
was a 62 inch foetus.

There was no gall-bladder.

and pancreas were closely attached to the liver.
clearly defined ridge within the duodenum.

The duodenum
There was a

At its distal extre-

.'
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mity there was a small opening.

Probing the hepatic duct with a

bristle showed it to be continuous with the longitudinal ridge.
The r1dge was 3.4 cm. in length.

The bile duct opened 4.2 cm.

from the pyt:orus.

Rodentia
Hystrix cristata
Cavia porcellus
Rattus norvegicua
Mus musculus
Citellus tridecemlineatus
Geomls buraarius
Oryctolagus cuniculus
Peromyacus megocephalus
Hydromys chrysogaster
Orlzomys mer1densis
Hystrix cristata (African porcupine) - The gall-bladder
was elongated, tirm walled, and did not project beyond the margin ot the liver.

The common bile duct. entered the duodenum

very near to the pylorus, and the opening was on a prominent
papilla.

The common bile duct opened separately from the pan-

creatic duct.

The latter opened 5.6 em. caudad to the pylorus.

.'
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Cavia porcellus (guinea-pig) - The gall-bladder had a very
thin wall, and was suspended loosely from the liver by a thin
peritoneal membrane.

The cammon bile duct emptied into the duo-

denum just a short distance caudad to the pylorus.

The pancrea-

tic duct opened into the hepatic duct.
Rattus norvegicus (brown rat) - There was no gall-bladder.
The hepatic duct opened 2.2 cm. from the pylorus.

The pan-

creatic duct opened into the hepatic duct.
~

musculus (house mouse) - The gall-bladder was small,

thin walled, and closely adherent to the sUbstance of the liver.
The common bile duct, into which the pancreatic duct emptied,
opened into the duodenum 1.6 em. from the pylorus.
Citellus

tridece~ineatus

(striped ground-squirrel) -

The gall-bladder, which was oval in shape, was closely adherent
to the liver.
pylorus.

The common bile duct opened 6 mm. caudad to the

Only a small part of the duodenum was available for

study, but it was demonstrated that no pancreatic duct opened
with the cammon bile duct or coursed with it.
Geomys bursarius ( pocket goPher) - There was no gallbladder.

The hepatic duct opened 4.6 cm. caudad to the pylorus.

The pancreatic duct opened into the hepatic duct.
Oryctolagus cuniculus (rabbit) - The gall-bladder was
elongated and its wall was thin.

!ne cammon bile duct entered
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the duodenum 1 em. beyond the pylorus.
papilla.

There was a duodenal

The pancreatic duct opened 42 em. caudad to the open-

ing or the cammon bile duct.
Peromyscus megocephalus (white-rooted mouse) - The gallbladder had a very thin wall.

(In this specimen and the two

subsequently mentioned, the material ror study consisted solely
of the liver.

No part of the duodenum was present.)

Hydromls chrlsogaster (hydromys) - There was no gallbladder.
Oryzomys meridensis (rice-rat) - There was no gall-bladder
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SUMMARY AND DISCUSSION

The problem was stated under seven distinct headings, so
this portion of the paper is best discussed under the same distinct, but related, headings.

Tables have been used to summar-

ize the data and will be mentioned in the discussion.
1. The 'Presence or absence of a Aall-bladder in the

animal~

studied.-In fifty-two species of mammals, a gall-bladder was
found to be absent in only eight - the whale (Balaenoptera
physalus), the zebra (Equus burchelli), the horse (Equus caballus
the hyrax (Procavia), the Virginia deer (Odocoileus), the brownrat (Rattus norvegicus), the pocket-goPher (Geomys bursarius),
and the rice-rat (Oryzomys meridensis).
In Table 2, the summary of the presence or absence of the
gall-bladder, the orders have been listed in the taxonomic sequence accepted at present.

In the dissections the gall-bladder

was present in all specimens which belonged to the first six
orders - Marsupialia, Insectivora, ,Chiroptera, Primates, Carnivora and Edentata.

In

the next order, Artiodactyla, a gall-

bladder was present in three species, and absent in one; in
Sirenia (Trichechus latirostris) the organ was present.

In the

next three orders - Hyracoidea, Perissodactyla and Cetacea - a
gall-bladder was absent.

In the last order, Rodentia, as in

.'
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Artiodactyla~

there was a decided variabilit7 among the speoies.

A gall-bladder was absent in the brown-rat (Rattus norvegicus)
and the rice-rat (Oryzomys meridensis); present in the house
mouse (Mus musculus) and the white-footed mouse (Peromyscus
megocephalus).

It was absent in the pocket-gopher (Geomys

bursarius) and present in the striped ground-squirrel (Citellus
tridecemllneatus).

One can think ot no logical reason why there

should be such a variation.

The rat and the mouse live in

lar environments and eat the same kinds ot
have been able to ascertain.

tood~

si~

as far as we

The pocket-goPher and the striped

ground-squirrel show no particular difference in their mode ot
living.
It is ot interest that, in the taxonomic classification,
trom the Marsupialia to the Artiodactyla, the gall-bladder was
present; in three closely related orders, Hyracoidea, Perissodactyla and Cetacea, it was absent.
2. The relationship of the gall-bladder to the liver.The relationship ot the gall-bladder to the liver showed extensive variation not only between, but also

within~

orders.

In Marsupialia, except in the opossums, the gall-bladder
was loosely connected to the liver; in the Insectivora it was
closely connected to the liver; in the moles 'it was embedded
~hepatic

substance.

In

nor tossa in the liver.

the Chiroptera there was

nei~her

groove

The organ was attached to the liver b7
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a fold of peritoneum, and thus hung loosely.
In the Primates the gall-bladder was closely attached to
the liver.

This was particularly marked in both the marmoset

(Mystax ursulus) and the macaque (Macacus rhesus).

In Carnivora

the fossae for the organ were particularly deep in the binturong
(Arctitis binturong) and the dog (Canis familiaris), but in the
black bear (Ursus americanus) the gall-bladder was loosely
attached to the liver.

In Artiodactyla and Rodentia the relati

ships between liver and gall-bladder were especially variable.
3. The wall of the gall-bladder.-In Ch1roptera the wall
was thin; in Insectivora it was

~

thin. It was firm in

Marsupialia and Artiodactyla; it was strong and thick in Carnivora and the Primates.

In Rodentia it was variable, e.g.,

thin in the guinea-pig (Cavia porcellus) and the house mouse
(Mus musculus), and firm in the African porcupine (Hystrix
cristata).
4. Observations on the relationship of the cammon bile
duct or the common hepatic duct (when there is no gall-bladder)
with the pancreatic duct.-Mann (3l) and his co-workers were
greatly interested in the relationship of the common bile duct
or the common hepatic duet (when there is no gall-bladder) with
the pancreatic duct.

They studied this relationShip in cammon

domestic and laboratory animals.

In Table 3 the data are

tabulated on species in which we were able to make a study of

.'
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the relationships.

These have been divided into three groups:

Type A: That condition in which the pancreatic duct
and the bile duct coursed together to the duodenal wall.

The

ducts retained their individuality until they reached the
duodenum where they either entered separately but very close to
each other, or entered a common ampulla.
In Table 3 it will be observed that all of the Marsupialia
all of the Primates, both species of Perissodactyla and the
one species each of Edentata and Hyraooidea are grouped under
this type.

Two speoies of Carnivora also belong in this class-

ification.

There appears to be no correlation with the pre-

sence or absence of a gall-bladder.

The Primates,

Ma~supialia,

one species of .Edentata, and two of Carnivora, possess the organ
but it is missing in Perissodactyla and one specimen of Hyracoidea.
Type B:

That condition in which the pancreatic and

common bile ducts entered into the duodenum separately at a
variable distance from each other.
In Table 3 it will be seen that this condition was observed in four species of Rodentia, two of Artiodactyla and one
of Sirenia.

In the rabbit (Oryctolagus cuniculus) the greatest

distance between the opening of the ducts was observed.

The

entrance of the pancreatic duct was 42 em. caudad to the en-

.'
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trance of the common bile duct.
Type C:

That condition in which the pancreatic duct

emptied into the bile duct at a variable distance from the
opening of the bile duct into the duodenum.

B7 reference to

Table 3, it will be observed that one species of Artiodactyla,
one of Carnivora, and three of Rodentia are listed under this
type.
There does not appear to be any reason for the fact that
there are three types of relationships between these ducta.
There was particular variability among the Rodentia - the
order in which the gall-bladder was especial17 variable in its
presence.

The type of relationship did not correspond with

the presence or absence of the gall-bladder.

The house mouse

(Mus musculus) which had a gall-bladder was in Type C, and the
brown-rat (Rattus norvegicus) which lacked a gall-bladder was
also in Type C.

It should be noted that in the seven species

in Which the ducts entered the duodenum separate17 at variable
distances from each other (Type B), a gall-bladder was present
in each speoies.
5. The presence of a duodenal

~apilla.-Table

presence or absence of a duodenal papilla.

A~udy

4 shows the

of this

table reveals certain facts:
(1) The size of the duodenal papilla varied ex-

ceedi

It was

ominent in

h

.'
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which possessed a gall-bladder, and equally prominent in'the
zebra (Equus burchelli) in which there was no gall-bladder.
(2) The presence of the duodenal papilla was not
related to the presence of a gall',..aladder, e.g., it was not
present in the binturong (Arotitis binturong) which had a gallbladder, nor in the hyrax (Procavia) which did not have a
gall-bladder.
(3) The duodenal papilla in both its presence and
size varied within an order, e.g., it was absent in the binturong
(Arctitis binturong) and present in the black bear (Ursus americanus).

Both of these animals are species of Carnivora and

both had gall-bladders.

The duodenal papilla was prominent in

the black bear (Ursus americanus) and very small in the dog
(Canis familiaris), yet both of these are

~pecies

of Carnivora.

(4) The duodenal papilla was present in both carnivorous and herbivorous animals, e.g., bear and zebra.
S. The distance of the opening of the bile duct from the
Ipylorus.-The distance from the pylorus to the opening of the
bile duct was markedly variable, as will be seen by reference to
Table 5.

It was of interest to note that the nearest proximity

to the pylorus was in two speci&s of the Rodentia, the African
poroupine (Hystrix cristata) and the guinea-pig (Cavia porcellus)
and that both of these species possessed gall-bladders.

A

marked difference was seen in two species of Artiodactyla, both

.'
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of which possessed gall-bladders.

In the cow (Bos taurus)

the opening was 62 cm. caudad to the pylorus, and in the pig
(Sus domesticus) it was 3.4 cm.
7. The findings in these studies as related to the
literature on the extrahepatio biliary traot.- Mann's remark
to the effect that statements regarding the oomparative anatomy
of the extrahepatio biliary traot are often contradictory was
borne out in our perusal of the literature and in our investigations.

Macalister(29) reported the gall-bladder absent in

"the rat, common mouse, and other species of the genus Mus",
but in five specimens representing two species we found it present as Mann(30) had previously reported.
One of the interesting questions whioh arose in oonneotion with the problem of the presence and absence of the gallbladder concerned the hyrax (also known as the daman, and
popularly known as the coney).

In the literature (40, 41, 42,

15, 4, 38, 5, 27) are several reports of investigations on the
viscera of hyrax.

In tables listing the presence and absence

of a gall-bladder in several vertebrates compiled by Rachford
(45), the absence of the gall-bladder is noted; in one by
Mentzer(34) the presence is recorded.
1'he literature regarding the hyrax (Procavia) was interest
ing.

From the time ot Pallas until the present day, the extra-

.,'
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hepatio biliary tract has been the subject of difference of
opinion.

In one paper(34) the gall-bladder has been reported

present; in most other papers (4,5,15,27,38,41,42), it has been
reported absent.

Most commonly, writers have reported upon the

dissection of only one specimen of hyrax, although George(15),
in his extensive monograph, described three specimens.

The last

report in the literature which we have been able to find, that
of Mentzer(34), was on one specimen.

In these present studies

on the hyrax no gall-bladder was found.

However, there was an

enlargement of the right hepatic duct which was filled with
small concretions.

This structure was carefully dissected fram

the substance of the liver and found to be a dilated hepatiC
duct.

Curiously enough, the

spec~en

of hyrax reported by

Richard Owen(38) before a meeting of the Zoological SOCiety of
London in 1832 "had small pulverulent biliary concretions of a
bright yellow color" in the dilated hepatiC duct.
In the report of the specimens examined and reported in
1929 (34), the statement was made that "the hyrax, as reported
by Owen, Macalister, and others, possesses a single_gallbladder with two lateral pouches and a single cystic duct".
We consulted Owen's work (40) and Macalister's reference to the
hyrax(29), but did not interpret their findings as indicating
the

~esence

of a gall-bladder.

On superficial examination,
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the dilatation of the common hepatic duct might easily be Ddstaken for a gall-bladder because it is largely buriad in hepatic
tissue.

Mentzer himself wrote that "the description of the gall-

bladder in Doctor Pope's two specimens is not clear".
Operative and postmortem records have indicated many
variations in the extrahepatio biliary tract.

These variations

have been significant in the surgical procedures of cholecystectomy, cholecystogastrostomy and choledochotomy.

Surgical

catastroPhes as a result of the presence of anomalous structures
in the extrahepatic biliary traot directed the attention of
surgeons to these anomalous conditions.

Mentzer(34), after a

review of the comparative anatomy of the gall-bladder and bile
ducts, concluded"that most of the anomalous biliary structures
in man represent normal arrangements in lower animals".
Certain types of variations in our bodies are Phylogenetically significant.

Persistent branchial clefts, accessory

hepatic lobes and the persistent right aortic arch are among
these.

Anomalous biliary ducts belong to this group.

The

surgeon should know the possible variations which may be encountered 10 order to avoid the

ca~astroPhes

which may follow

injury to such structures.
Anomalous biliary ducts are among cammon variabilities
(lO,11,12,48).

The frequency of involvement of these structures

and subsequent operative procedures engaged in make the struc-
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-

tures of practical importance;
A. knowledge of the normal arrangement of the structures in

animals will direct one's attention to variable arrangements
which might be present in
such conditions.

man~

and aid one in anticipating

In this way a knowledge of the comparative

anatomy of the extrahepatic biliary tract should prove of inestimable

worth~

particularly to the surgeon who works in this

field of abdominal surgery.

.'
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Table 1.
The Presence and Absence of the Gall-bladder
Specimens

Species
Marsu;Eialia
(6 species)

Dendrolagus matschei
Tree-kangaroo
Macropus
Wallaby
Flying phalanger
Petaurus
Sarcophilus
Tasmanian devil
Didelphys marsupialis and. S.American opossum
Didelphys marsupiali s mex. Mexican opossum

1
1

2
1
1
2

+
+
+
+
+
+

Insectivora
(3 species)
Eur opean mole

Talpa europea
Scalopus aquaticus
Blar1na brevi cauda

1

Ameri can mole
2
Short-tailed shrew 1

+
+
+

Ch1roEtera

(11 species)
Rhinopoma cystops
Miniopterus s. magnater
Liponycter1s Magnus
Desmodus rotundus
Eptesicus fuscus
Nycter1st gambiens1s
Hipposiderus arminger
Rhinolphus deckeni
Lavia fronus
Acerodonjubatus mundamensis
Phyllostoma verrucosum

1
1

1
1
1

+
+
+
+
+
+
+
+
+
+
+

3

+

1
2

+
+
+
+
+

1

3
1

1
1
1

Edentata
{I species)
Dasypus novemc1nta

Armadillo
Primates

(5 species)
Pongo pygmaeus
Pan
Macacus rhesus
Mystax ursulus
Cacajao rub1cundus

Orang-utan
Chimpanzee
Macaque
Marmoset
Red Uakar1
Carn1vora
(7 soecies)

12
2
1

sus americanus
Arctitis binturong
Lutra lutra
Ailurus fulgens
Felis domestica
Canis familiaris
Mustela vison

Black bear
Binturong
Otter
Little panda
Cat
Dog
I Mink

1
I
I
I

2
4
I

+
+
+
+
+
+
+

Artiodactzla
(4 species)
Ovis aries
Bos taurus
Sus domesticus
Odocoileus

Sheep
Cow
Pig
Virginia deer

7
7
7
1

+
+
+

I

+

I

0

I
I

0
0

1

0

2
8
I

+
+
+

1

0

I

+
+

0

§irenia
species)

(1

Trichechus latirostris

Manatee
Hyracoidea
species)

(1"

Procavia

Hyrax
perissodactfla
{ 2 species

Equus burchelli
Equus caballus

Zebra
Horse
Cetacea

(1 species)
Bqlaenoptera physalus

Whale (foetal)
Rodentia

(10 species)
Hystrix cristata
Cavia porcellus
Citellus tridecemlineatus
Geomys bursarius
Pe romysclls megocephalus
Mus musculus
Rattus norvegicus
Oryctolagus cuniculus
Oryzomys meridensis
Hydromys chrysogaster

African porcupine
Guinea-pig
Striped groundsquirrel
Pocket-gopher
White-footed mouse
House mouse
Brown-rat
Rabbit
Rice-rat
Hydromys

4
4
4
1

1

0

+
0
0

.'

.'

Table 2.
Summary
The Presence and Absence of the Gall-bladder
Mammalia
Species

Specimens

Marsupia1ia

6

8

+

Insectivora

3

4

+

11

13

+

Primates

5

18

+

Carnivora

7

11

+

Edentata

1

3

+

Artiodocty1a

4

22

Sirenia

1

1

!"'(l
+

Hyracotdea

1

1

0

Perissodactyla

2

2

0

Cetacea

1

1

0

Rodentia

10

27

Order

Chiroptera

Ga11l'!b1adder

+(3 specie )

+(6 specie )

-(4

Number of animals examined = 111
Number of species examined

•

=

52

Gall-bladder present in 43 species.
Gall-bladder absent in 9 species.

It

.'

Table 3.
Relation ot Pancreatic and
Bile Ducts
Type A.

Species
Tree-kangaroo
Wallaby
Flying phalanger
Tasmanian devil
S. American opossum
Mexican opossum
Orang-utan
Chimpanzee
Macaque
Marmoset
Red Uakari
Dog
cat
Little panda
Binturong
Armadillo
Sheep
Cow
Pig
Manatee

+
+
+
+,
+
+
+
+
+

Hyrax

+
+
+

Zebra
Horse
African porcupine
Guinea-pig
Striped ground-squirrel
House mouse
Brown rat
Rabbit
Rice-rat

Type B.

Type C. Gall-bladder
+
+
+
+
+
+
+
+
+

+

+
+
+

+

+

+

+
+

+

+
+
+

+

+
+
+
+
+
+
+
+
0

0
0

+
+
+
+

+
+
+

+
+
+
+
0

+
0

Key
Type A - Ducts course together to duodenal wall
Type B - Ducts enter duodenum separately at variable
distance trom each other
Type C - Pancreatic duct joins bile duct at distance
from opening ot the latter into duodenum

.'

Table 4.
The Presence and Absence of a Duodenal Papilla
Species

Papilla

Tree-kangaroo (Dendrolagus matschei)
Wallaby (Macropus)
Flying phalanger (petaurua)
Tasmanian devil (Sarcophilus)
Short-tailed ahrew (Blarina brevicauda)
Armadillo (Dasypus novemcinta)
Chimpanzee (Pan)
Orang-utan (Pongo pygmaeus)
Macaque (Macacua rhesus)
Marmoset (Mystax ursulus)
Black bear (Uraus americanus)
Binturong l-Arctitis binturong)
Dog (Cani s :fa.11iaris)
Sheep (Ovis aries)
Goat (Capra hircus)
Cow (Boa taurus)
Pig (Sus domesticus)
Manatee (Trichechus latlrostris)
Hyrax (Procavia)
Zebra (Equus burchelli)
Horse (Equus caballus)
Whale (Balaenoptera physalus)-foetal

+
+ (small)
+ (small)
+ (small)
+ (small)
+
+ (prominent)
+ (pr om.! nent )
+
+
+ (promlnent)

African porcupine (Hystrix cristata)
Guinea-pig (Cavia porcellus)

Gall-bladder

+ (small)
+
+ (promlnen t)
+
+
+ (prominent)
+
+
+ (longitudinal
fold)
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
0
0
0

+
+

Table 5.
The Distance of the Opening of the Bile Duct
From the Pylorus
Species
Wallaby (Maoropus)
Tasmanian devil (Sarcophilus)
Desmodus rotundus
Hipposiderus arminger
Liponyeteris magnus
Eptesicus fuscus
Armadillo (Dasypus novemeinta)
Chimpanzee (pan)
Macaque (Macacus rhesus)
Dog (Canis familiaris)
Cat (Felis domestica)
Sheep (Ovis aries)
Virginia deer (Odocoileus)
Cow (Bos taurus)
Pig (Sus domesticus)
Manatee (Tricheehus latirostris)
Hyrax (Procavia)
Horse (Equus caballus)
Whale (Balaenoptera physalus)-feetal
African porcupine (Hystrix cristata)
Guinea-pig (Cavia porcellus)
Brown-rat (Rattus norvegicus)
House mouse (Mus musculus)
Pocket-gopher (Geomys bursarius)
Rabbit (Oryctolagus cuniculus)

Distance
cm.
em.
em.
em.
1.1 em.
.5 cm.
4.5 cm.
16.0 em.
1.8 em.
4.5 em.
2.8 em.
34.0 em.
16.0 em.
61.0 em.
3.4 em.
7.0 em.
2.2 cm.
3.0 cm.
4.2 cm.
Just distal
to pylorus
Just distal
to pylorus
6.5
2.4
.3
2.4

2.2~cm.

1.6 em.
4.6 em.
1.0 em.

Gall-bladder
+

+.
+
+
+

+
+
+

+

+
+
+
0
+

+
+
0
0
0
+

+
0

+
0

+

